Introduction
Sustainable development has been a major challenge around the world (World Commission on Environment and Development 1987). The fate of China, the world's most populous country and second largest economy, shapes global sustainability enormously (Liu 2010) . In the past three decades since China's opendoor policy, China's economy has grown with approximately 10 per cent a year on average. However, China's environment has been degrading (Liu & Raven 2010) .
In China, all major natural resources (e.g. water, grassland) except one have declined over time (Liu & Raven 2010) . This only exception is forest cover. Since the early 1980s, China's forest cover has increased ( Figure 1 ). China is among a small group of countries (e.g. United States, Italy, Norway, Spain, Switzerland) whose forest coverage has been increasing or is in transition (from net forest area loss to net forest area gain) (Mather 1992; Rudel 1998) . While there are a number of factors behind forest transition (Rudel 2005; , some studies suggest that imports of forest products from other countries have contributed to China's increase in forest cover, while forests in the exporting countries have suffered from such imports (Zhu et al. 2004; Lang & Chan 2006; Rudel et al. 2009; DeFries et al. 2010; .
However, there is a lack of systematic analysis of China's forest sustainability, and many questions are not answered or even asked. For example, how do imports of forest products interact with other factors in affecting China's increase in forest cover? Are there other countries affected besides those that supply forest products to China? In this article, we address these and other related important questions under a new integrated framework. Specifically, we first provide an overview of the framework. Then, we apply the framework to address a series of issues related to China's forest sustainability. Finally, we discuss how China may continue to achieve forest sustainability while exerting minimal negative and maximum positive impacts globally.
Overview of the Telecoupling Framework
From the perspective of systems theory (Bertalanffy 1969) , almost all systems are open ones, which interact with outside systems through exchanges of information, material and energy. Some of the outside systems are nearby, while others are far away. Many disciplines consider interactions between distant systems or systems that are far away. For example, in atmospheric science, the concept of teleconnections is used to describe environmental interactions between climatic systems over distances (which may be thousands of miles apart) (Glantz et al. 1991) . In economics, globalisation (Levitt 1982) refers to socioeconomic interactions between distant human systems (e.g. on the continents of Asia and North America). In demography, the concept of migration refers to distant movement of people (e.g. from China to the United States); while in ecology it refers to distant movement of animals, such as locusts (Locusta migratoria) throughout three continents (Africa, Asia, Australia), Kirtland's warbler (Setophaga kirtlandii) between the Bahamas and Michigan of the United States) and Pacific Salmon between the oceans and the upper riches of rivers. While research on distant socioeconomic or environmental interactions separately has generated useful insights, other aspects of interactions are ignored although all interactions actually are related. For example, when locusts migrate from one place to another, they can eat almost all crops and thus cause severe economic losses. When goods and products are traded among countries, they also generate environmental impacts (e.g. carbon dioxide (CO2) emissions during transport). Thus, understanding socioeconomic and environmental sustainability requires the integration of socioeconomic and environmental interactions across multiple coupled human and natural systems over distances (NSF Advisory Committee for Environmental Research and Education 2009).
Coupled human and natural systems are integrated systems in which humans and natural systems interact (Liu et al. 2007a (Liu et al. , 2007b . They can be at different scales (e.g. local to global). At the national level, each country, such as China, is a coupled human and natural system. Socioeconomic and environmental interactions at the local level may be referred to as local couplings. Socioeconomic and environmental interactions between multiple coupled human and natural systems over distances are termed 'telecoupling' Liu et al. 2013a) . In other words, the concept of telecoupling is a logical extension of the concept of 'coupling' ('tele' means distant). Just as 'ecosystem services' encompasses different types of services (e.g. provisioning, supporting, regulating and cultural), telecoupling encompasses multiple types of distant interactions. For example, it expands the concept of teleconnection by including socioeconomic interactions and extends the concept of economic globalisation by including environmental interactions . Furthermore, it expands previous concepts by explicitly considering feedbacks (i.e. reciprocal interactions among different coupled systems). It also expands the concept of weak ties in social sciences that refers to non-frequent and transitory social relation (Montgomery 1992) because the telecoupling framework addresses not only interactions at the same levels (or scales, e.g., weak ties between individuals), but also across levels (or scales) through various pathways. The telecoupling framework consists of five major interrelated components: systems, agents, flows, causes and effects (Figure 2 ). Systems are coupled human and natural systems. Depending on their functions, systems can be classified as sending systems (e.g. supplying systems, origins, exporting countries), receiving systems (e.g. destinations, importing countries) and spillover systems (Figure 2 ). Sending systems provide material/energy and information for flows, while receiving systems obtain information and material/energy from the sending systems. Spillover systems are a byproduct of connections between sending and receiving systems. They may be connected to sending and receiving systems in various ways : as an intermediate stopover between the two systems (e.g. airport layover or a migratory bird stopover), as the pathway between the sending and receiving systems (e.g. channels for transport), or as an outside entity that is connected with sending and receiving systems (e.g. a third party in trade negotiations) .
Flows refer to exchanges of material/energy or information between the systems. Material/ energy comprises biophysical and socioeconomic entities (e.g. goods, food, natural resources, organisms, carbon), and information contains knowledge and agreements (e.g. trade agreements).
Agents promote or hinder the flows of material/energy or information among the systems. They include autonomous decisionmaking entities within sending, receiving and/or spillover systems that are directly or indirectly involved in telecouplings, such as via the formation or dissolution of flows. They can be individuals or groups of humans or animals (e.g. households, institutions, herd of animals).
Causes produce a telecoupling between a minimum of two coupled human and natural systems, which lead to effects on one or more of the systems. The causes are factors that generate dynamics (e.g. emergence, changes in strength) of a telecoupling. Most telecouplings have multiple causes (e.g. economic, political, technological, cultural and ecological) that are originated from a sending, receiving and/or spillover system.
Effects are environmental and socioeconomic consequences or impacts of a telecoupling. They can appear in sending, receiving and/or spillover systems. Types of effects in individual coupled systems (Liu et al. 2007b ) may also occur in telecoupled systems, such as feedbacks and non-linearity. Effects may have time lags (not emerging until years or even decades after the initiation of a telecoupling) and legacy (not disappearing until many years to decades after the emergence of a telecoupling).
Telecouplings at different scales may have interrelationships with each other and with local couplings (i.e. cross-scale interactions). Based on geographical/organizational scales, telecouplings may be classified as global, continental, national and regional telecouplings, which are across the globe (between continents), across a continent (between nations within the continent), across a nation (between regions of a nation), and across a region (within a nation), respectively. (Sometimes, a region may refer to a world region such as a continent, and in this case a region within a nation can be referred to as a subnation.) Different types of telecouplings also may have interrelations with each other.
Application of the Telecoupling
Framework to China's Forest Sustainability
In this section, we apply the telecoupling framework to China's forest sustainability. As shown in Figure 3 , dynamics of forest cover are affected by multiple interactive factors. Afforestation and reforestation increase forest cover by converting other types of land (e.g. cropland), while deforestation reduces forest cover by converting forests to other land cover types. Natural factors such as natural succession and natural disturbances (e.g. fires and landslides) also change forest cover. In this article, we focus on human factors that affect forest cover. Deforestation can generate forest products (e.g. timber) and convert forestland into cropland, residential areas or industrial areas, infrastructure (e.g. roads) and other types of land ( Figure 3 ). It has contributed to China's dramatic land transformation Liu & Tian 2010) . Conversion into residential areas also requires timber for housing construction and wood for furnishings. On the other hand, afforestation and reforestation have taken place in cropland, previously harvested forest area (Bearer et al. 2008; Chen et al. 2010 ) and other types of land such as barren land .
Deforestation and forestation are in turn driven by a series of factors such as population, households, urbanisation and policy (Figure 3 ). In the past half century, China's population has more than doubled-reaching 1.35 billion in 2012 (National Bureau of Statistics of China ). The number of households in China has been growing even faster-nearly three times as fast as its population from 1985 to 2000 alone-because the average number of people in a household declined from 4.5 to 3.5 (Liu & Diamond 2005) . As resource use efficiency per person in smaller households is lower than in larger ones (Liu et al. 2003 ), China's fast decline in household size and rise in household number have had enormous impacts on forests (e.g. more use of fuelwood and floor space which in turn needs more timber and wood for construction and furnishings (Liu et al. 2001; Linderman et al. 2005) . On average, household size in urban areas is smaller than in rural areas. As China has been rapidly urbanising (the percentage of its urban population has increased from merely 13 per cent in 1952 to 51.2 per cent in 2011), the impacts of urbanisation on forests are significant (through converting much forest to built-up area and using forest products for a variety of purposes such as housing construction).
While many of China's policies have led to massive deforestation-e.g. the Great Leap Forward movement of 1958-1961 harvested 10 per cent or more of China's forests to fuel backyard furnaces for steel production (Shapiro 2001; Liu 2010 )-some policies have been implemented for forestation (Lu 2004 ). For example, in 1981, China implemented an 'Obligatory Tree Planting' program that called for all able citizens to plant three to five trees each year (Zhang et al. 1997) . In 1994, 2.5 billion trees were planted by 490 million people (Zhang et al. 1997) . The Three North Shelterbelt Program was started in 1978 to increase forest area by planting trees in 13 provinces of the three north regions (North, Northeast and Northwest China) by 35 million ha (out of the total area of 406.9 million ha). It is projected to increase forest cover from 5.05 per cent in 1977 to 14.95 per cent in 2050, the program's planned end date (State Forestry Administration of China 2010). While these numbers are impressive, the tree survivorship was very low, and in many years trees were planted in exactly the same location repeatedly. Since the late 1990s, after the 1998 massive floods (Liu & Diamond 2005) , China has implemented two major national conservation programs. One is the Natural Forest Conservation Program (NFCP), which was to conserve and restore natural forests through logging bans and afforestation . Specifically, the NFCP aimed to lower timber harvests in natural forests from 32 million m 3 in 1997 to 12 million m 3 in 2003, and to afforest 31 million ha by 2010 through artificial planting, aerial seeding and mountain closure (i.e. forbidding human activities such as grazing and fuelwood collection) (Xu et al. 2006a) . The other program, the Grain to Green Program (GTGP), was to increase vegetative cover by 32 million ha by 2010, through converting 14.7 million ha of cropland to forest and grassland and afforesting barren land and prohibiting human activities in the remaining portion of the land . In fact, these policies have begun to show positive effects on forest cover .
Besides the internal factors highlighted above (Figure 3 ), many external factors outside China through distant interactions also affect forestation and deforestation in China ( Figure 3 ). In this article, we highlight four of them ( Figure 3 ). Imports and exports of forest products may reduce and increase domestic production of forest products, respectively. Imports of food may allow more land for forests through reforestation or afforestation, but exports of food may stimulate more land conversion into cropland for more domestic food production. Most of the foreign investment in China has been for residential, industrial and infrastructural development, which directly and indirectly reduces forests through conversion to residential and industrial areas and infrastructure (e.g. roads). A small proportion of foreign investment has been for the development of forest industries that generates forest products and promotes afforestation and reforestation. There is close relationship between foreign trade and foreign direct investment as they substitute or complement each other in seeking markets and resources (Toppinen et al. 2010 ). In addition, transfer of advanced knowledge and technologies can have differential impacts on forestation and deforestation, depending on the types of
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Under the framework of telecoupling, we reframe all distant interactions (e.g. trade, foreign investment, technology transfer, knowledge dissemination, species invasion, migration) as telecouplings to better understand them and identify knowledge gaps (e.g. hidden socioeconomic and environmental costs and untapped benefits). Below, we describe major components of telecouplings related to forest sustainability (with focus on imports and exports of forests products and food).
Systems
During the period of 1997 to 2010, China received forest products from 161 countries, including the vast majority of Asian and Pacific countries (Figure 4a ). Among the sending countries, the United States offered the largest proportion (16.4 per cent, in terms of value), followed by Russia, Indonesia, Canada, Japan, Republic of Korea, Malaysia, Brazil, Germany and Chile. On the other hand, China also exported forest products to 173 countries ( Figure 4b ). Among the receiving countries, Japan took the lead (21.3 per cent, in terms of value), followed by the United States, Republic of Korea, the United Kingdom, India, United Arab Emirates, Australia, Canada, Thailand and Saudi Arabia. Six of those top 10 receiving countries differed from those in the top 10 sending countries. Among the shared four sending and receiving countries, the orders of importance changed. A major use of forest products is to make wooden furniture for exports and domestic consumption. In 2009, world production of furniture was about $350 billion (CSIL Center for Industrial Studies 2009). China had the highest amount of production (accounting for 20 per cent), followed by the United States (19 per cent), Italy (8 per cent) and Germany (7 per cent). China was also the largest sending country or exporter, while the United States, Germany, France, the United Kingdom and Canada were the major receiving countries or importers (CSIL Center for Industrial Studies 2009).
In 2010 alone, 168 countries provided food to China (Figure 5a ), and 196 countries received food from China ( Figure 5b ). The United States led food imports to China (25.7 per cent, in terms of food value), followed by Brazil (15.6 per cent), Argentina (8.2 per cent), Thailand (6.9 per cent), Malaysia (6.7 per cent), Indonesia (6.2 per cent), Canada (4.0 per cent), Australia (3.6 per cent), India (3.5 per cent) and New Zealand (2.7 per cent). The top 10 countries that received food from China (in terms of value) were Japan (19.6 per cent), the United States (10.5 per cent), Republic of Korea (6.8 per cent), Indonesia (4.9 per cent), Malaysia (4.3 per cent), Vietnam (4.1 per cent), Germany (4.0 per cent), Russia (3.6 per cent), Thailand (3.5 per cent) and the Netherlands (3.1 per cent).
Approximately 190 countries have invested in China (The US-China Business Council 2007), such as the United States, Germany, Japan and Republic of Korea. Of which, some countries also have invested in China's forestry. They include British Virgin Islands, Canada, European Union (EU), Indonesia, Japan, Germany, Malaysia, Mauritius, Republic of Korea, Singapore and the United States (360Doc 2010). On the other hand, China has invested in more than 170 countries, especially in Africa, Asia and Europe (Ministry of Commerce of China 2011).
Many countries are spillover countries. Spillover countries include those that produce machinery and vehicles to cut down trees, open roads, grow crops and transport food and forest products. Examples of such countries are Germany and Japan that provide machinery and vehicles to tropical countries like Malaysia and Indonesia to transport forest products. Spillover countries also include those that are affected by the import or export of food and forest products. For example, Singapore and Malaysia are spillover countries related to timber import from Indonesia to China as some of the illegal smuggling routes of endangered timber species (e.g. ramin) from Indonesia to China were through Singapore and Malaysia. Singapore's ports are transshipment loopholes. There are many sawmills inside Malaysia to produce rough-sawn timber and further processing. Most timber is then re-exported to China and other countries such as Japan and the United States (Lang & Chan 
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2006). Thailand and Vietnam are also spillover countries related to timber import from Cambodia to China as logs are trucked through Cambodia, which rests between the two, on their way to China (Lang & Chan 2006) . Countries that provide the same product to China could constitute each other's spillover countries when they compete for the Chinese ($203,000) , Myanmar ($2,000) and Chile ($1,000). When China imported soybeans from Brazil, other countries such as Argentina and the United States were the spillover countries because they also sent soybeans to China and were affected by the competition for the same Chinese market.
Flows
The main flows involved in trade of forest products include forest products transferred from the sending countries to China, and money to purchase the forest products transferred from China to the sending countries. China started to import forest products in the 1960s (Yang et al. 2010) (Figure 6 ). Before 1999, the flow was basically stable. But after 1999, there was a big increase in the flows as the Chinese government implemented the Natural Forest Conservation Program. The amount of forest products exported from China to other countries was very small compared to the imports ( Figure 6 ). China is the world's largest furniture exporter ). In 2010, China's furniture exports accounted for 27 per cent of the total furniture exports in the world and worth US$10.6 billion, or 58 per cent of China's total furniture exports. The wooden furniture industry grew rapidly, with less than $0.2 billion in 1978, $7.6 billion in 1988, and jumped to $23.2 billion in 2008 (Xia & Yuan 2011) . As China's largest importer of wooden furniture, the United States took 32 per cent of China's total exports, followed by Japan (6 per cent), the United Kingdom ) (4 per cent), Canada (3 per cent), and Australia (3 per cent) .
China was basically self-sufficient in food provision until the early 2000s (Figure 7 ). Since 2003, the amount of food imports (in terms of value) has greatly exceeded the amount of food exports every year, and the gap has continuously increased over time (Figure 7) . In fact, the value of food imports was much higher than the value of forest 
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January 2014 238 product imports. For example, in 2010, food imports were worth $68.7 billion and exports were worth $29.8 billion. In contrast, the value of forest products imported was $26.7 billion, and exports were worth $8.5 billion (Figure 7 ). For both food and forest products, the imports were much higher than exports.
The total foreign investment in China has rapidly and drastically increased over time (from $4.8 billion in 1985 to $117.7 billion in 2011) (Figure 8 ). The amount of foreign investment in China's forest industry accounted for only a small fraction of the total investment. 
Agents
Many agents have been involved in investment as well as trade of forest products and food. Most of the agents are private companies, while others are state-owned enterprises (e.g. China National Cereals, Oils and Foodstuffs Import and Export Company, Export-Import Bank of China or Eximbank). For example, Eximbank has hundreds of offices around the world to promote import-export activities. Government agencies such as the Ministry of Commerce and Ministry of Foreign Affairs in China, as well as the China Council for the Promotion of International Trade and Chinese embassies are also important agents as they help companies with relevant information, incentives, legal counsel, deal approval and implementation. Some of the deals were actually initiated by government agencies or encouraged by government policies. For example, the Japanese government has provided loans to China, and the German government has offered donations to China (360Doc 2010). Many international organisations facilitate telecouplings. For example, the World Bank, Asian Development Bank and Global Environmental Facility have invested in China's forestry industry for many years (360Doc 2010). National and local elites, such as relatives and friends of government officials, play unique roles (e.g. provision of special access to government officials). As local communities collaborate with companies and elites in exchange for jobs and income to harvest forests, many forests are compromised when incomes from logging are much higher than from other sources (Lang & Chan 2006) .
On the other hand, many non-governmental organisations (NGOs) such as Greenpeace, Global Witness, the Center for International Forestry Research, the Environmental Investigation Agency, and World Wildlife Fund, are fighting illegal activities such as illegal logging. They investigate and document illegal activities (using photos and videos) and expose such activities on web sites and in other media (Global Witness 2003 , Greenpeace 2005 .
Causes
China's increasing dependence on food and forest product imports is determined by its increasing gap between limited domestic supply and growing demand. Large and fastgrowing economies with relatively scarce forest and agricultural resources such as China generate ever increasing demand for food and forest products. For example, burgeoning wealth begets booming demand for wooden housing materials and furniture, which begets more exports of wooden furniture from China to other countries which begets greater demand for forest products (Lang & Chan 2006) . When China cannot meet these demands domestically, it looks to other countries for resources, especially those with abundant agricultural land and forests, relatively low population density, and weak land governance (Deininger & Byerlee 2011) .
Another cause of importing forest products and food from other countries to China is political. The transition of the political system in China from a socialist to a capitalist, market-driven system paved the way for more freedom to import food and forest products. Successful implementation of food and forest products trade also needed a politically stable environment in both China and exporting countries. Since the 1989 Tiananmen incident, China has experienced a stable political environment (including peaceful transfers of political power at the very top). Countries that export food and forest products to China also have been largely politically stable.
Foreign investment has contributed to China's conservation programs, which in turn have contributed to the decline of domestic forest production and subsequent increase in the imports of forest products. Most of the foreign investment in China's forestry was for afforestation and reforestation (360Doc 2010) and for establishing forestry enterprises to process forest products. The NFCP and the GTGP initiated in the late 1990s (Liu & Diamond 2005; Liu et al. 2008 ) prompted increases in the imports of forest products and food because NFCP banned the logging of natural forests, and GTGP converted agricultural land to forests or grasslands. While there was a decline in the supply of forest products and food domestically, the demand for forest products and food continued to rise. Thus, forest products and food in other countries became the logical sources to make up the differences. To meet the increasing demand, timber imports have grown rapidly since 1999. For example, there were fewer than 300,000 m 3 (roundwood equivalent) timber imports from Burma to China in 1997 and in 1998, but after the logging ban in China, imports increased to 800,000 m 3 in 2000 and to more than 900,000 m 3 by 2002 (Lang & Chan 2006) .
The booming housing market in China in the past decade also pushed the demand for wood higher (e.g. using wood as construction materials). Even from 2008 to 2010 when the world had the worst economic downturn since World War II due to factors such as the collapse of the housing sector (Toppinen et al. 2010 ), China's housing market continued to prosper (The Wall Street Journal 2013). Furthermore, the housing area has continued to increase. During 1978-2011, average floor space increase from 6.7 to 32.7 m 2 per capita in urban areas, and from 8.1 to 36.2 m 2 in rural areas (Liu & Diamond 2005; Peterson et al. 2013) . Elevated standards of living also increases the demand for interior decorations and furniture (Halstead 2001) , thus raising the demand for high quality wood (Natural Resources Canada 2002).
Liberalisation of tariffs in the forest products trade over time, especially after China and major exporting countries joined the World Trade Organization (WTO), has played important roles in promoting forest products trade (Gan 2004) . Tariffs on forest products have been lowered a number of times since 1998. For example, maximum tariffs for plywood were reduced from 32.5 per cent in 2001 to 12 per cent in 2009. There are no more tariffs for logs, sawn wood, pulp, and wastepaper (Yang et al. 2010 ). Non-tariff issues such as standardisation and certification of forest products and national regulations on packaging and recycling of products have begun to influence trade (Toppinen et al. 2010 ). This is especially true for tropical countries as exporting countries. After the removal of importing licenses in 1999, all interested companies in China can import forest products (Lang & Chan 2006) .
Effects
Trading forest products and food is a significant driver of environmental and socioeconomic change. Some studies suggest that importing forest products to China helped increase forest cover in China (Zhu et al. 2004; Rudel et al. 2009; DeFries et al. 2010; . However, it is not clear how much China's increase in forest cover is due to the imported forest products. Here we give a very simple and rough estimate. Assuming the average stock volume is 71 m 3 /ha in China (Zhang et al. 2012) , importing 528.8 million m 3 of timber from 1994 to 2011 (International Tropical Timber Organization 2012) would have saved 7.4 million ha of forest from harvesting.
Forest harvesting driven by exporting also has led to much environmental damage (e.g. loss of biodiversity, reduction in ecosystem services, soil erosion and floods, ) in other countries. Exporting forest products and food also exports the nutrients and water embedded in the forest products. China's imports of forest products have been identified as a driving force behind forest loss and degradation in exporting countries of the Asia-Pacific region (Zhu et al. 2004) . Forests in many of the exporting countries in Southeast Asia have been declining, although it is not clear how much of the decline is due to harvesting for exports. For example, Indonesia is home to approximately one tenth of the world's remaining tropical forests but has suffered rapid forest loss from a loss of approximately 1.7 million ha per year in the 1980s to more than 2 million ha a year in recent years (Lang & Chan 2006) . From 1997 to 2002, approximately 50 million m 3 of forest products were imported from Indonesia to China (Lang & Chan 2006) . Assuming that the average forest stock in Indonesia was 110 m 3 /ha (the world average) (FAO 2009), then 454,545 ha of forest loss in Indonesia is due to export to China during 1997 to 2002, accounting for roughly 4 per cent of annual forest loss in Indonesia. The same amount of forest that has been saved in China is not the same as the forest that has been cut for exporting to China because the quality of the forest is different. For example, biodiversity in tropical forests is much higher than the temperate forest in China (Liu 2013a) .
Adding environmental costs during transport-which can generate a large amount of carbon dioxide-would increase the environmental impacts of telecouplings. However, if farming and forest harvesting in exporting countries are sustainable, then the overall impacts of importing food and forest products can be less than those produced inside importing countries such as China. This is possible as demonstrated in the analysis of environmental impacts of local food production vs. food import (Avetisyan et al. 2013 ).
The socioeconomic effects of telecouplings are enormous. Producing and selling forest products offer opportunities to enable forestabundant but otherwise poorer countries to build infrastructure and gain income. To obtain resources, China has invested in socioeconomic infrastructure (e.g. roads, hospitals and schools) in some sending countries. On the other hand, sending forest products to China can jeopardise the livelihoods of the rural poor and increase social conflicts in sending countries. Cutting down trees destroys and fragments the environment, which could undermine local livelihoods that depends on forests for ecosystem services (e.g. fuel, food, water), as well as the potential for the compensation that can come from conservation programs such as the Reducing Emissions from Deforestation and Forest Degradation (REDD) program (The UN-REDD Programme 2013). Producing forest products for exports also can promote an industrial model that creates few jobs for local residents and causes more poverty (Alley et al. 2008; Deininger & Byerlee 2011) .
Trade profit can become a source of corruption to relevant government officials in sending countries, making it more difficult to lower the impacts of illegal harvesting (Lang & Chan 2006) . Globally, illegal logging may account for 115 to 222 million m 3 raw wood equivalent, or 7 per cent to 13 per cent of the global industrial roundwood production each year. For example, up to one fifth of the timber harvesting in Siberia is illegal (Lang & Chan 2006) . Some forest products imported to China from other places such as the Southeast Asia (e.g. Indonesia, Malaysia, Burma, Thailand, Papua New Guinea, the Philippines, Cambodia and Laos) are illegally harvested. China leads the world in the total supply and use of illegally harvested timber (Dieter 2009 ). More than 90 per cent of the logs and swan wood traded between China and Myanmar is illegal (Global Witness 2009). As much as 50 million m 3 of timber produced in Indonesia is illegally harvested, in places such as the world-renowned Tanjung Puting National Park (a UNESCO Biosphere Reserve established in 1977) (Lang & Chan 2006) . Most of the illegal timber was exported to China and developed countries including the United States, Japan and Europe. Furthermore, China exports furniture and plywood produced using illegally harvested timber to places such as the EU and the United States (Lang & Chan 2006) . Illegal harvesting activities do not follow a sustainable forest management plan and cause the government to lose revenues, in addition to environmental impacts such as loss of biodiversity and carbon storage and desertification (Dieter 2009 ).
Socioeconomic and environmental consequences of exporting forest products, especially from tropical countries with high biodiversity, have caused widespread attention in the global news media. Such attention has generated various feedbacks. For example, in response to the problem of illegal harvesting, many sending countries have implemented forest certification programs to prevent illegally harvested forest products from being exported to countries such as China (Owari et al. 2006) . Forest certification is a mechanism to regulate the trade of forest products by 'credibly identifying well-managed forests as the sources of responsibly produced wood products' implemented by the Forest Stewardship Council (Forest Stewardship Conicil International Center 2013). Certified companies have tended to enhance a positive public image and increase customer satisfaction and retention rates (Owari et al. 2006) . Worldwide, more than 306 million ha of forests had been certified as of June 2007. While China is a later comer in adopting forest certification, the Forest Stewardship Council had certified 17 forest management enterprises, and over 1 million ha of forests in China by July 2009 (Zhao et al. 2011 ). Many feedbacks are unknown. For example, it is not clear how much the CO2 emissions associated with telecouplings affect China and other countries involved. This is an example of a hidden issue that the telecoupling framework can help identify for future research.
Interactions among Telecouplings
Different types of telecouplings interact. Telecoupling processes such as foreign investment in China's forests may increase the
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January 2014 242 import of forest products, as the investment creates more forest enterprises that use more forest products to make wooden furniture and other products. Although foreign investment also helps China's effort in reforestation and afforestation, the pace to produce forest products needed for the forest enterprises is slower than the demand. However, food imports may reduce the import of forest products in the long run as they help free more agricultural land for forest restoration in China but reduce forests in other countries.
There are also cross-scale interactions among telecouplings, i.e. interactions among telecouplings at different scales. While the above discussion focused on the global telecouplings (e.g. through trade among continents) and continental telecouplings (e.g. through trade among countries in Asia), there are also national and regional telecouplings within China. For example, within China, there are three regions based on imports and exports of forest products: forest product exporting region that provides forest products (e.g. Heilongjiang, Inner Mongolia and Jilin in Northeast China; and Fujian, Guangxi, Jiangxi and Yunnan provinces in South and Southwestern China), forest product importing region that receives forest products (e.g. Beijing, Hebei, Shanxi and Tianjin in North China; Jiangsu, Shandong and Shanghai in East China; Henna and Hubei in Central China; and Gansu, Ningxia, Qinghai, Shaanxi and Xinjiang in Northwest China); and forest product selfsufficient region (e.g. Guizhou, Hunan, Sichuan, Tibet and Zhejiang) (Cheng et al. 2010) . The imported forest products from other countries have mainly gone to the forest product importing region and thus reduce the imports of forest products from the exporting region within China (i.e. global and continental telecouplings weaken national telecouplings). Within each region, there are variations in availability and demand for forest products. For example, in the exporting region, cities (e.g. the city of Harbin in Heilongjiang) import forest products from other areas in the region (i.e. regional telecouplings). Such demand within the exporting region may reduce the amount of forest product exports to the importing region (i.e. regional telecouplings may weaken national telecouplings). Within a local area near the forest of the exporting region, local residents may cut down trees in the forest for fuelwood and material for construction and furniture, thus reducing the potential for forest products to be exported to cities within the region and to the importing region. In other words, local telecouplings may weaken regional and national telecouplings but may strengthen global and continental telecouplings.
Promoting China's Forest Sustainability with Maximum Positive Global Impacts
In this section, we discuss China's forest sustainability in the context of future demand and supply, and offer policy recommendations under the telecoupling framework.
Perspectives on Future Demand and Supply
In the next several decades, China's demand for food and forest products will continue to increase for several reasons. China's population size and household number are projected to reach 1.45 billion and 645 million by 2030 , respectively (United Nations 2001 Liu 2013b) . Household numbers will continue to increase faster than population sizes because of factors such as increased divorces (Yu & Liu 2007) . Chinese diet is shifting towards more meat products, which consume more resources. The rapid urbanisation will likely accelerate as many more people would like to be in cities, and there are still about 650 million rural residents. The Chinese government is aggressively promoting more urbanisation, as urbanisation is a major engine of economic growth, which will lead to rapid infrastructure development, building construction and furniture manufacturing. These and other factors will all drive even more increases in the demand for food and forest products and the conversion of forested areas into residential areas and infrastructure (e.g. roads). On the other hand, abandonment of farm land as a result of rural people migrating to cities will increase forest cover in rural areas (Chen et al. 2012) . In fact, many rural areas have shown rapid recovery of vegetation, including forests (Tuanmu et al. 2010) . Perhaps in a few decades, more timber will be available in rural areas that have a large labour migration to cities. Many economic models calculate per capita consumption of forest products as a function of national income per capita. Zhang et al. (1997) argue that this type of relationship is particularly useful for developing countries. Although prices are not considered as part of consumption, the income level may in part incorporate the price factor, and price level is often linked with income. As the economy grows, prices usually go up. A simple projection based on the annual rate of increase in average timber demand between 1998 and 2008 indicates that China will need 678 million m 3 of timber by 2020 (Yang et al. 2010) . It is projected that China's timber demand for use in construction will be 480 million m 3 ; 190 million m 3 of this will be imported .
Despite China's increase in forest cover, forest coverage is still low by world standards (Liu & Diamond 2005) . There are only 3.04 million km (Xinhuanet 2011) . After 2020, there is an increasing limitation on available land for afforestation, as there is increasing competition for land (Liu & She 2012) .
While it is good to increase forest coverage, there is also a strong need to increase forest stocks. The total forest stock is only 13.71 billion m 3 (or about 10.15 m 3 per capita, one seventh of the world average (Yang et al. 2010) ). The unit volume in China is only three quarters of the world average (86 m 3 /ha vs. 110 m 3 /ha) (FAO 2009). In another estimate, the stock density is even lower (only 71 m 3 /ha, about half the world average) (Zhang et al. 2012) . Thus, timber supply in China's forests is very limited and will remain limited for many years to come.
The timber plantations program initiated by the government was designed to increase domestic timber supply and reduce timber imports. Even if everything goes as planned, the program can meet only 40 per cent of the timber demand, as the program can produce only 133 million m 3 of logs per year by 2015 (Lu 2004) . It is hoped that this program, together with other plantations and natural forest areas exempt from the logging ban, can meet China's future demand for timber (Lu 2004) . But no one is certain if or when this can occur.
China's forest sustainability also will depend on the forest conditions in other countries. If the resources elsewhere are limited, the opportunities for China to import will diminish and become more expensive. Such prospects may exist if previous patterns continue. For example, from 2005 to 2010, the world lost 27.9 million ha of forests (FAO 2010) . Such reduction was particularly pronounced in developing countries such as Indonesia and Malaysia, which are among the major countries that provide forest products to China.
Policy Recommendations
The widening gap between China's domestic supply and demand of forest and food products indicates the increasing dependence on telecouplings. The implications of such telecouplings between China and the rest of the world are huge but remain uncertain. The telecoupling framework can provide useful guidance to minimise negative effects and enhance positive effects. Many suggestions have been made regarding forest management in China (e.g. promoting natural recovery, continuing to implement the Forest Industrial Base Development Program in key regions with the focus on fast-growing and high-yield timber plantations to produce more timber in China (Lu 2004; Liu et al. 2013a Liu et al. , 2013b , but telecouplings have not been systematically incorporated into policy. Below, we offer several policy recommendations related to telecouplings.
Incorporate Spillover Countries
As spillover countries are common, it is important to go beyond bilateral or multilateral agreements and trade partners that often focus on sending and receiving countries only. Many international agreements are bilateral (e.g. between importing and exporting countries only), which rarely consider spillover countries. For example, China has signed bilateral memorandums of understanding with countries such as Indonesia to establish a bilateral forum on combating illegal logging and associated trade. China is signatory to many multilateral international treaties related to forest management and trade, such as the Convention on International Trade in Endangered Species, the Ramsar Convention, the Convention on Biological Diversity, the United Nations Convention to Combat Desertification, the United Nations Framework Convention on Climate Change and other international mechanisms (Chen 2010) .
Through cooperation with international organisations such as the United Nations Food and Agriculture Organization (FAO) and the International Tropical Timber Organization (ITTO), and the NGOs (e.g. World Conservation Union, The Nature Conservancy, Worldwide Fund for Nature and Forest Trends), China has provided support to international efforts. It is encouraging that the Chinese government has issued guidelines on sustainable forest management and utilisation to guide Chinese enterprises outside China to cultivate and use forests based on the principles of sustainable development. However, it is important to implement the guidelines and minimise the negative effects on sending countries and spillover countries. An international public comment period would be useful to identify and evaluate spillover countries as a result of international agreements (similar to public comment periods for many public policies in the United States).
Nurture Sending Countries
The sending countries that provide forest products are relatively concentrated. For example, between 1998 and 2008, 80 per cent of the total timber imports were from five countries (Russia, Malaysia, Papua New Guinea, New Zealand and Gabon). Importing timber from a small number of countries with poor social and environmental practices has generated widespread concern over excessive use of forests in those countries (Yang et al. 2010 ). Many countries (e.g. Indonesia, Thailand, Laos, Vietnam and Cambodia) have passed natural forest harvesting peaks (Katsigris et al. 2004) . Thus, it is in China's long-term interest to nurture forests in exporting countries and ensure that global forests are sustainable. China may offer to help with restoration of natural forests and productive plantations to have sustainable supplies. One way to help is to provide payments for ecosystem services (or fully compensate the damage as a result of forest harvesting and farming for export to China). Another approach is to encourage selective logging in less environmentally sensitive areas to obtain forest products while keeping forests sustainable (Edwards & Laurance 2013) . Diversifying sending countries and increasing imports of forest products from countries with good environmental and social practices and with rich forest resources, such as northern Europe, may reduce negative environmental and social impacts.
Anticipate Multiple Telecouplings
Our analysis indicates that trade of forest products is just one of the telecouplings that affect China, exporting countries and spillover countries. Other types of telecouplings such as the trade of food and foreign investment are also important if not more important than the trade of forest products. Technology transfer and knowledge dissemination can help increase the efficiency of resource use and thus reduce the consumption of forest products. Furthermore, different types of telecouplings may interact with each other. Unless the unit area yield is high enough to meet domestic needs, reducing land for other activities (e.g. agriculture and mining) in China may require importation of more food and mineral resources, which may directly and indirectly reduce forests elsewhere.
Embrace Feedbacks
The telecoupling framework emphasises the role of feedbacks. For example, an important feedback to reduce deforestation is the development and implementation of policy to prevent illegal harvesting through forest certification. The process of implementing forest certification in China has great potential and may be speeded up by increasing public awareness, enhancing management flexibility and reducing certification cost (Zhao et al. 2011) . China should consider launching an action plan similar to that of the EU to combat illegal harvesting-the Forest Law Enforcement, Governance and Trade (FLEGT). A major component of this action plan is to confine or possibly stop imports of illegally harvested timber (European Union 2005). China's active participation in the regional FLEGT processes in Asia, Europe and North Asia would help to minimise illegal harvesting. Innovative measures are needed to address unidentified feedbacks such as impacts of CO2 emissions associated from telecouplings.
Fill Knowledge Gaps on Telecouplings
Research on telecouplings is still in its infancy. Many questions remain unanswered, and many things remain unknown. For example, how much gain in China's forest is offset by the loss of forest and biodiversity in other countries? How much ecosystem services are gained by reforestation in China and how much services are lost by deforestation in countries that China is importing forest products from? Ecosystem services that forests provide to humans are enormous (Millennium Ecosystem Assessment 2005; Yang et al. 2013) , such as wildlife habitat (Xu et al. 2006b; Lepczyk et al. 2008) , cultural values ) and provisioning of food and water (Liu & Yang 2012) The effects of telecouplings on other ecosystem services probably outweigh the economic values of timber and timber products.
Data on spillover countries are especially lacking. In many cases, even what spillover countries are is unknown, let alone the impacts on them. Also, identifying feedbacks is particularly challenging. This is due in part to feedbacks usually taking a long time (e.g. many years to decades or centuries) to emerge while most research projects are of short durations (e.g. months or a few years). Many issues (e.g. time lag, legacy effect, non-linearity, thresholds, cross-scale interactions and interactions among different types of telecouplings) are clear at the conceptual level, but quantitative information (e.g. relative contributions of different telecouplings to forest sustainability, interactions between telecouplings and local couplings) is needed. Such information is crucial for better understanding and managing telecouplings for local to global sustainability. Big data tools and cloud computing may play important roles in the study and management of telecouplings.
Concluding Remarks
The telecoupling framework provides a systematic understanding of China's forest sustainability and impacts on other countries. It helps identify knowledge gaps and hidden issues such as spillover countries, feedbacks and interactions among telecouplings of different types and at different scales, which have received little explicit attention in previous research on trade, investment, knowledge dissemination, technology transfer, sustainability, forestry, ecosystem services, human well-being and land use. It offers a good analytic lens to understand socioeconomic and environmental interactions across the world. Such an approach can help facilitate different institutions and agents worldwide to cooperate in addressing socioeconomic and environmental challenges. Making forests sustainable needs to go beyond forests and beyond trading and investing partners. With its increasing economic power, China has the opportunity to take a leadership role in addressing telecouplings.
Together with the global community, it is possible that China can continue sustaining forests with maximum positive global impacts in the telecoupled world.
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